Introduction
In temperate regions bats typically hibernate, using this strategy to survive the long periods when the numbers of arthropod prey are reduced or totally absent. The torpor during hibernation is not continuous, and there is evidence of relatively frequent breaks [1] . The frequency of such breaks varies among species and individuals [1] [2] [3] [4] . However, the causes of these arousals appear varied and uncertain, though temperature in the roost has been suggested to play an important role [5] . Breaks in hibernation can lead to changing the hibernation site, drinking or to foraging activity. When temperatures are sufficiently high, and other climatic conditions prove suitable, breaks can be rather frequent [1, 4, [6] [7] [8] [9] [10] .
The Mediterranean horseshoe bat, Rhinolophus euryale Blasius, 1853, is a typical bat species of the thermo-Mediterranean zone of the Mediterranean region -the southern limits of its distribution range are in the Levant and Iran, while the northern limits extend to southern Slovakia and northern Hungary [11] . R. euryale has been reported feeding close to vegetation, with moths as the main prey [12] . However, the nematocerans, beetles and lacewings could also play an important role in some habitats or in certain seasons [13] [14] [15] . In the Slovakian/Hungarian border zone an isolated population of Rhinolophus euryale occurs -at the very north of its range [16] [17] [18] . The population is small with a total of 10-12,000 individuals estimated in this area [18] [19] [20] [21] . It has become clear that this population favours underground sites as hibernacula, and that individuals move between roosts during winter -although the reasons for changing roosts remain unclear. The bats' foraging activity in caves has also been poorly researched, although there was an assumption that bats prey on insects which withdraw into caves in winter [22] . We hypothesise that individuals can forage during their flights between roosts and during breaks in hibernation, and thus renew their energy losses. The aim of this study is to clarify the winter food composition of Rhinolophus euryale and to relate the type of food detected to ambient temperatures outside the roosting caves. We believe the results of this study may have implications in regard to the conservation of the species.
Experimental Procedures
The study was conducted in the Slovak Karst region (SE Slovakia) and in the Aggtelek Karst (NE Hungary). . A long term monitoring of bats has been carried out in all study sites and aggregations of R. euryale were always confirmed as a mono-specific (for detail see [21] ). Clusters were always checked for the species composition directly at the roost or later in photographs. Samples were collected roughly twice per month, between November 2011 and April 2012 (19 batches in total). Each sample comprises 60-120 guano pellets collected randomly from the foil surface. 544 faecal droppings were further analysed. The foil was changed after each pellet sampling. Samples were stored in 96% alcohol in microtubes and later examined with a binocular magnifier. Prey categories were identified using comparative slides, methodological works and entomological keys [23] [24] [25] . Expressing the proportion of items identified in analysed droppings, percentage volume (vol%) was used [24] . Samples from all sites were pooled and divided into three winter periods, November, December -February and March -April. The male lepidopteran chitine genital fragments (uncus, juxta, valva) were fixed in Swann solution and photographed (OLYMPUS C-5060 Widezoom) using software M.I.S. Quick PHOTO MICRO. Genital preparations enabled us to identify the species of lepidopterans [26] . Temperature readings which were used for the analysis were taken in two official meteorological stations (Jósvafő, Hungary and Domica, Slovakia). We tried to minimise disturbance to the bats during sample collection.
Results
Bats produced guano pellets throughout the entire hibernation period, including periods when outside temperatures were below zero ( Figure 2) . The guano pellets were in general in two forms: (1) containing prey items (200 pellets) and (2) containing non-prey items (344 pellets) ( Figure 3) . Identifiable prey items in the guano samples belonged only to lepidopteran species. The second pellet type included unidentifiable organic material resembling dissolved jelly tissue. A small number (10.5%) of pellets of both guano types contained hairs and mites. The proportion of moths was very high (69.6 vol%, Figure 2 ) at the end of the active season (November), but gel-like guano (29.1 vol%) and hairs-containing faeces (1.3 vol%) were also present in this period. When outside temperatures dropped below zero (December -February), bats produced gel-like excrement (79.0 vol%), mostly with hairs (11.0 vol%) and the proportion of Lepidoptera was 10.0 vol%. In the beginning of the active season (March -April), the rate of lepidopteran fragments rose in the droppings again (87.6 vol%). Gel-like guano (11.0 vol%) and hairs (1.4 vol%) were still present, but in smaller proportions. In all pellets analysed, 99 moth genitalia fragments were found, 42 being clearly identified as Colotois pennaria Linnaeus, 1761 (Figure 4) . Other fragments were not suitable for analysis because of their fragmentation level. However, we identified the moth C. pennaria as the main prey species in the autumn and early winter on the basis of the genital fragments found. Species identity was confirmed also by moth wing fragments found under the bat aggregations.
Discussion
When we analysed the main prey category for Rhinolophus euryale during the winter season, we observed only the order Lepidoptera. We therefore concluded that moths play a crucial role in foraging during the winter activity of this species. This is consistent with data from the active season, as this horseshoe bat is characterized as a moth-eater [12, 14] . The diversity of foraged insect species changes during the year; it is more limited at the end of the season and during the more inhospitable climatic conditions, when the proportion of the main foraged group increases [12, 14, 27] . In early winter it is understandable that active bats foraged mainly on the one lepidopteran species, Colotois pennaria. This is a mid-sized monovoltinous moth (wingspan 35-45 mm), with adults active from September to November. The males fly actively, the females are rather slow and are usually found sitting on the twigs, branches and trunks of trees. The moth larval period lasts from April to July and overwinters as an egg [28, 29] . Based on long-term light trapping studies, sufficient availability of many nocturnal lepidopteran species were observed in winter periods in the surrounding of the Domica-Baradla cave system [30] , including Colotois pennaria (Varga, unpublished data). This moth species has even been observed during winter conditions on snow [31] . The wingspan of this moth species is, according to some authors [12, 27] , almost the maximum prey wingspan foraged by Rhinolophus euryale. C. pennaria has even larger body length (13.2-15.1 mm, own data) comparing to average prey sizes found in R. euryale diet in the western Mediterranean region [32] . Foraging on bigger prey is more energy efficient, and is followed by digestion on the perch. This could explain the collection of moth wings bellow the cluster of individuals. In Britain, the congeneric species Rhinolophus hipposideros foraged mostly on Diptera during the winter, and the presence of Lepidoptera increases from February [33] . We conclude that the different behaviour patterns are caused by outside temperatures. Britain, where temperatures fall below freezing relatively infrequently, has a milder climate than the Hungarian-Slovak border region [34] . There is also little doubt that some of the bats leave the hibernaculum [1] to drink, feed and to change hibernation sites. Several studies have confirmed winter activity in other species [35] [36] [37] , but such activity still depends on air temperatures and other climatic conditions. There is also evidence, based on ringing data, of movements between hibernacula within this sub-population of R. euryale [21, 38] . These data document the relationship between several roosts located close to each other and this pattern corroborates with observations from parallel counts between the Domica and Baradla caves. In the Domica cave, pre-hibernation clusters of R. euryale (ca. 1,500 inds.) usually disband at the end of November, which is immediately mirrored by the increasing number of the species in the hibernation aggregation (ca. 4,000 inds.) in the Baradla cave. Both sites are at a distance of ca. 3 kilometres within this cave system. A high level of movements between, or within, the hibernacula and the continuous production of droppings showed that at least part of the aggregation is active in winter. Ransome [6] showed that Rhinolophus ferrumequinum select sites within a hibernaculum on the basis of ambient temperature and season. Warmer sites were chosen after warm days, presumably to trigger arousal more frequently so that the bats can feed during such warm spells. Avery [7] showed that winter flights in pipistrelles, Pipistrellus pipistrellus, were more frequent on warm nights, when insects were more abundant. Their behaviour could be explained by a model based on emergence for food. However, laboratory studies on the same species [35] give an alternative explanation that the primary function of breaks in hibernation is to find water to drink. All this movement raises the question of what energy resources are being used. According to Whitaker et al. [39] , the enzyme chitinase may break down remnants of chitin that remain from summer foraging to provide both an energy and nutrient source. We suppose that gel-like guano is the result of intensive grooming, continuous digesting processes, changing of intestinal tissues and/or endobacteria activity. Kaňuch et al. [40] explained that the presence of such secondary components (e.g. hairs and slime) in the winter diet of noctule bats (Nyctalus noctula) is due to insufficient food supply. This type of winter bat guano is a novelty, and the origin of this material is unclear. Non-prey items, hairs and acarines found in our Rhinolophus euryale samples was taken as evidence of intensive grooming [41] . However, the presence of droppings containing Lepidoptera from frosty winter periods remains unexplained; it is possible that these moths had been hunting inside the cave. Sano [42] discovered that Rhinolophus ferrumequinum is able to prey on the diapausing noctuid moths. Such foraging is an important energy source at the end of the hibernation period. Dudich [22] also assumed that bats might prey on different insects, e.g. mosquitos, which withdraw to caves during winter. We hypothesized that Rhinolophus euryale may also be able to forage on wintering moths inside the hibernacula at times when the weather outside is completely unfavourable for such activity. A similar situation was described for Nyctalus noctula [40] , which consumed invertebrates inside shelters in prefab houses.
The identification of moth species based on genitalia fragments facilitated the recognition of the main winter prey species, however, some samples were indeterminate. Methods based on molecular techniques of prey identification [43] [44] [45] could further illuminate the issue. Our results show that Rhinolophus euryale can compensate for energy losses and survive during the low-energy hibernation season, even when the species is subject to frequent breaks in its torpor, or to movements between the hibernacula. This bat is both physiologically and ethologically adapted to reuse older foraged prey, or to forage anew, even in subzero temperatures, or to forage inside the cave itself. It is also clear that the species hunts opportunistically before hibernation, although more research into these questions is needed.
